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PART 1
The 101 Genomes Foundation (F101G)

Creation, funding and anchorage
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Creation
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Diagnostic Odyssey
September 2015  

• Aurélien was born on September 3rd 2015.

• Eight days after his birth, on September 11th , the pediatrician who
examined him at birth tells us that she suspects a connective tissue
anomaly.

• She talks about connective tissue abnormalities and Marfan
syndrome is "evoked" for the first time

• Despite a request from the Brussels geneticist who examined
Aurélien, the reference center for Belgium that he contacted
refused to carry out a genetic analysis

• A far too long diagnostic odyssey then began
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Diagnostic Odyssey
Emotional roller coaster

• In the absence of a genetic diagnosis, various hypotheses were put forward.

• After a few months, the reference centre agreed to test our child for Beals
syndrome (FBN2) and this syndrome was ruled out.

• The relief lasted only a few hours: the paediatrician to whom we announced
the good news discovered a heart murmur in Aurélien.

• Additional examinations carried out within the hour revealed clear aortic
dilatation accompanied by regurgitation of the aortic and mitral valves.

• The reference centre finally agreed, 9 months after the first request, to test
Aurélien for Marfan syndrome.

• After many months without treatment and a worrying lack of weight gain,
Aurélien finally received appropriate drug treatment.
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Waiting for the results is particularly 
difficult to manage, but we make a wonderful 
encounter...



Diagnostic Odyssey
August 2016

• The diagnostic odyssey ended 11 months later with the discovery
of a de novo mutation on exon 26 of our child’s FBN1 gene.

• This discovery confirmed that, as a result of a spontaneous
mutation, Aurélien is suffering from a rare disease called
Marfan Syndrome.

• Aurélien was diagnosed during his first year of life, and it is
explained to us that he falls into the category of people with a
"neonatal" or “ early onset” form of Marfan syndrome.
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Diagnostic Odyssey
The anguish of not knowing

• Le

12

« The hardest is not knowing. 
Once you have a diagnosis 

you can create an action plan »



Diagnostic Odyssey
UMD-FBN1

• On the way back from the hospital, Romain “googled” Aurélien’s
pathogenic mutation that we just received and discovered the UMD-FBN1 
database

• This database is available for free at www.umd.be/FBN1/

• It was largely funded by the French association of patients with Marfan 
Syndrome.

• It inventories 3044 mutations of the FBN1 gene identified as being at the 
origin of Marfan syndrome.

• UMD-FBN1 feeds the work of many researchers and is an important 
tool for the diagnosis of the disease.

• It appeared on UMD-FBN1 that the mutation harbored by my son had 
already been observed in another patient. This was the beginning of a new 
questioning.
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http://www.umd.be/FBN1/


Marfan syndrome (MFS)
& neonatal Marfan Syndrome (nMFS)
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Marfan
FBN1 & fibrilline

• Marfan syndrome results from an anomaly in the connective
tissues that hold the cells that make up the human body
together.

• This abnormality is caused by a defect in the fibrillin
protein encoded by the FBN1 gene following a pathogenic
mutation.

• The disease is multisystemic and affects, among other
things, the musculoskeletal, pulmonary, ocular and
cardiovascular systems.

• The main danger for patients with the syndrome is that of
aortic dissection, the consequences of which are generally
fatal.

15



Marfan
The intensity of the afflictions is very variable 
(even within families)

• Some people affected by the syndrome have few disorders.  

• While others are severely affected, sometimes severely handicapped 
and their life expectancy can be quite reduced. 

• Between these two extremities, we find the majority of Marfan 
patients who are sometimes severely handicapped by the disease and 
who must regularly control the dilation of their aorta. 

In the current state of scientific knowledge, the cause of this great variability 
in the extent and intensity of the damage is not yet well understood. 
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Javier Botet



Marfan
Never heard of them and suddenly 
they are everywhere!
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Neonatal Marfan
A very different story
https://www.facebook.com/groups/800864546956681
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https://www.facebook.com/groups/800864546956681


Neonatal Marfan 
Exons 24-32 et mitral valve

• These are almost always spontaneous cases: de novo

• Genetic analysis reports that these cases are usually (but 
not always) found when a pathogenic mutation occurs in
the core of the FBN1 gene on the interval of exons 24 to 
32 

• A signature of this form is the rapid affection of the 
mitral valve
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Neonatal Marfan
Statistical life expectancy

• Some authors report that the statistical life expectancy for this particular form is as low as 16.3 months:
« Marfan syndrome (MFS) (OMIM 154700) is an autosomal dominant disorder of fibrous connective tissue involving the ocular, skeletal, 
and cardiovascular systems. MFS patients present with clinical variability, in which the rare neonatal Marfan syndrome (nMFS) has the 
most severe presentation in early childhood. The prognosis of nMFS is very poor, with a mean survival age of only 16.3 months. Valvular 
insufficiencies and diaphragmatic hernias have been associated with shorter survival in patients diagnosed before the age of 1 year. […] 
The term neonatal Marfan syndrome was first used in 1991 to describe the most severe phenotype of MFS similar to cases previously known 
as infantile Marfan syndrome, congenital Marfan syndrome, and severe perinatal Marfan syndrome. Recently, it has been suggested that the 
term neonatal MFS should be replaced by early onset and rapidly progressive MFS to represent the most severe features of MFS in early 
childhood » 

PENG Q. et al., « A novel fibrillin-1 gene missense mutation associated with neonatal Marfan syndrome : a case report and review of the 
mutation spectrum », BMC Pediatrics, 30 avril 2016, 16:60, DOI 10.1186/s12887-016-0598-6
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Genomics
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Genomics
Prof. Guillaume Smits (IB)² | HUDERF – ERASME

• After the shock of the nMFS diagnosis, we returned to the 
geneticist who follows Aurélien since his second week of life: Prof 
Guillaume Smits.

• He patiently answered our very many questions.

• With his explanations, we progressively understood that we could, 
perhaps, try to help our son and other children living with rare 
diseases.
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20,000 genes
23 pairs of chromosomes

• Our cells keep 23 pairs of chromosomes in their
nucleus which are unique to us.

• Chromosomes contain a large proportion of the
20,000 genes (DNA) that store the information
needed to produce the proteins that determine our
phenotype (set of observable traits).

• Chromosome 15 contains the FBN1 gene which
allows the production of fibrillin which is deficient
(or insufficient in Marfans).

Note: in addition to the DNA contained in the
chromosomes, there is also mitochondrial DNA (stored outside the cell
nucleus).
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DNA & RNA
Genome and Exome

• There is an intermediate stage in which the genes
(DNA) generate copies of their coding sequences
(RNA) which enable the synthesis of proteins
outside the cell nucleus.

• The genome is all the genetic information (coding
or not, chromosomal or mitochondrial) of a human
being (3 billion nucleic bases).

• The coding exome is the set of regions of the
human genome that are directly involved in the
production of proteins (3% of the genome).



Nucleotides
The alphabet of the genome

• Our genes are "written" with nucleotides: A, C, T and G

• For adenine, cytosine, thyline and guanine.

• Nucleotides are the letters of the alphabet with which our
genome is written.

• The "book" of the human genome has 3 billion letters, an
alignment, a sequence, of 3 billion A, C, T, G nucleotides.

This sequence of 3 billion letters is 99,9% identical for all 
human beings.

25

Adenine
Cytosine
Thymine
Guanine



99,9% + 0,1%
Humanity, the human being...

• This percentage of 99,9% forces us to question notions such as the
brotherhood of mankind since « our genome » is 99,9% common with
the rest of humanity

• This 0,1% variation represents a difference of about 3 million
nucleotides in 'our' genomes

• These 3 million differences are scattered throughout the genome,
making them extremely difficult to identify.

• Most of these variations do not have a directly identifiable impact on
the health of individuals.

We carry millions of mutations that do not affect our health.

26



Diseases
Diagnosis and therapy

• Most of these variations do not have a directly identifiable
impact on the health of individuals.

• However, in certain circumstances, it is crucial to identify
specific individual variations of 0,1% as this opens the way to the
diagnosis of certain diseases (rare or not) and helps to understand
the development of certain cancers.

WHY?

27
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Classification of variants (1/2)
Interpretation of variants is difficult
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Courtesy of Prof. Guillaume Smits



Classification of variants (2/2)
Benign, pathogenic and VUS 
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Courtesy of Prof. Guillaume Smits
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Mutations that do not affect us 
MyFBN1



Single-gene disease
One in three billion nucleotides changed and nothing will ever be the same again...
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https://www.genomicseducation.hee.nhs.uk/image-library/

https://www.genomicseducation.hee.nhs.uk/image-library/


Mono, oligo & polygenic diseases
Gene network

32Courtesy of Professor Tom Lenaerts MLG-IB2-ULB



Mono, oligo & polygenic diseases
Genes network
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Nassim Taleb, Skin in the Game ‘Hidden Asymmetries in Daily Life’, Chapter  2. 
The Most Intolerant Wins: The Dominance of the Stubborn Minority, Appendix 

to Book 3, 2017



Genomic revolution
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Genomics
A technological revolution

Today the emergence of new generation sequencers has paved the
way to three different approaches to the study of genes:

1. The “traditional” sequencing of individual genes (or by panels
of a few genes);

2. New generation sequencing (NGS) of the whole exome called
Whole Exome Sequencing (WES) 3% of the genome and;

3. New Generation Sequencing (NGS) of the entire genome called
Whole Genome Sequencing (WGS).

With the new sequencers, scientists have gradually entered the 
era of genomics

*35



What?
High level description of the 
functioning of a new generation 
sequencer (NGS)
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Human sample 
(blood, saliva, hair, 

etc.)
FASTQ BAM

VCF 
Variant Call 

Format

Volume = +/-200 Gigabytes per WGS in 30x (=coverage)

“In the area of DNA 
sequencing, the FASTQ file 
format has emerged as 
another de facto common 
format for data exchange 
between tools. It provides a 
simple extension to the 
FASTA format: the ability to 
store a numeric quality 
score associated with each 
nucleotide in a sequence”

COCK, P. et al. “The Sanger 
FASTQ file format for 
sequences with quality 
scores, and the 
Solexa/Illumina FASTQ 
variants”, Nucleic Acids 
Research, 2010 (published 
online 16 December 2009), 
Vol. 38, No. 6 1767–1771 
doi:10.1093/nar/gkp1137

BAM is a compressed 
version of the FASTQ

“The Variant Call Format 
(VCF) Version 4.2 
Specication”, 8 Mar 2019, 
https://samtools.github.io/h
ts-specs/VCFv4.2.pdf

“VCF is a text file format 
(most likely stored in a 
compressed manner). It 
contains meta-information 
lines, a header line, and 
then data lines each 
containing information 
about a position in the 
genome. The format also 
has the ability to contain 
genotype information on 
samples for each position”. 

“The Variant Call Format 
(VCF) Version 4.2 
Specication”, 8 Mar 2019, 
https://samtools.github.io/ht
s-specs/VCFv4.2.pdf

Short read: Illumina
Long read: PacBio

https://samtools.github.io/hts-specs/VCFv4.2.pdf
https://samtools.github.io/hts-specs/VCFv4.2.pdf


Prices are going down
Less than $1000 for a WGS

And the gradual decrease in sequencing costs is helping
this transition:

• The cost of sequencing has risen from $100,000,000
per genome in 2001 to

• $1,000 per genome in 2018.

• $800 per genome in 2021.

• $200 per genome in September 2022?

37

DNA Sequencing Costs: Data (genome.gov)

https://www.genome.gov/about-genomics/fact-sheets/DNA-Sequencing-Costs-Data


The world may not be ready… 
… for a WGS 30x at $100

38

““My hope is that with the $100 genome we’ll start to 
see some breakthrough studies that will help us better 
understand how genomics translates to disease and 
health,” deSouza said.
The $100 price is still has challenges to overcome, the 
CEO said.
“Two things need to happen for us to get to that price 
point. One is we need to do engineering work,” he 
said. “The second one, which is equally important, is 
to make sure that our customers have been thinking 
about what they could do if they had a hundred-
dollar genome.”
BROWN K., “A $100 Genome Within Reach, Illumina CEO Asks If World 
Is Ready”, Bloomberg, 27 February 2019. 
https://www.bloomberg.com/news/articles/2019-02-27/a-100-genome-
within-reach-illumina-ceo-asks-if-world-is-ready

https://www.bloomberg.com/news/articles/2019-02-27/a-100-genome-within-reach-illumina-ceo-asks-if-world-is-ready


Short-read vs Long-read
Rising competition

39

Oxford Nanopore, the disruptive unicorn gunning for Illumina | Evaluate

https://www.evaluate.com/vantage/articles/analysis/spotlight/oxford-nanopore-disruptive-unicorn-gunning-illumina


Rosetta Stone
Mapping the galaxy of the genome

• The addition of each new sequenced genome progressively 
improves the understanding of the “human genome”.

• Each new sequenced genome - shared and coupled with 
phenotypic data - contributes to “mapping the genome”
and to understanding the interactions between different 
genes.

• Genome knowledge opens the way to personalized 
medicine.

• And this is essential in the field of rare diseases

*40



Protective Genes
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The Resilience Project
Reanalysis

CHEN R. et al., « Analysis of 589,306 genomes identifies individuals resilient 
to severe Mendelian childhood diseases », Nature Biotechnology, 34, 531–538 

(2016) doi:10.1038/nbt.3514, Received 29 July 2015 Accepted 12 February 
2016 Published online 11 April 2016. Disponible à l’adresse: 
https://www.nature.com/nbt/journal/v34/n5/pdf/nbt.3514.pdf

• In this project, 589,306 “genomes” (actually a combination of
WES and WGS) collected at random in other contexts have
been re-examined.

• This study identified 13 apparently healthy adults who carry
pathogenic mutations that should have caused severe rare diseases
in them that normally develop in childhood.

*42

• The people discovered by the Resilience Project should have been sick but are not.

• These people may be protected by the action of protective modifier genes.

https://www.nature.com/nbt/journal/v34/n5/pdf/nbt.3514.pdf


Protective Genes
Modifier & protective gene

• A modifier gene is a gene that affects the
expression of one or more genes (=epistasis).

• A protective gene is a modifier gene (=
epistatic gene) whose action protects an
individual from the harmful influence of a gene
carrying a pathogenic mutation (= hypostatic
gene).

*43



Not sick, sick or should be sick
Recontact? 

44

13 candidates 
identified in the 

Resilience Project

Wrong variant 
pathogenic 

classification 
Not sick

Contact for 
confirmation and 

variant 
reclassification

Possibly re-examine 
people carrying this 

variant who have been 
previously incorrectly 
diagnosed on this basis 

Right variant 
pathogenic 

classification

Sick Contact to inform 
and treat

Potentially inform the 
family of the risk of 
developing a disease

Should be sick
Contact to perform 

WGS and track 
action of modifiers

Potentially develop 
new therapy that 

replicates the effect of 
the modifier

Relevant in all cases
Not sick, sick or should be sick

Recontact? No re-contact possible (68% of the total cohort come from …23andMe!)



No re-contact possible
68% of the total cohort come from 23andMe

45

• 68% of the total cohort come from 23andMe

• 4 candidates out of the 13 identified come from 
23andMe 

• 23andMe did not foresee (at that time) the possibility 
that its customers on the direct-to-consumer DNA tests 
market could be re-contacted.



Quest for modifiers
Mimic nature’s successful strategy

• Prof. Riordan commented the Resilience Project as
follows: “[T]his work provides proof-of-principle that
individuals resistant to highly penetrant genetic
diseases can be identified, paving the way for
mechanistic studies to discover modifier genes that may
be therapeutically manipulated to benefit susceptible
individuals”

[RIORDAN J.D., NADEAU J. H., “From Peas to Disease: Modifier Genes,
Network Resilience and the Genetics of Health” in The American Journal of
Human Genetics, 101, 177–191, 3 August 2017,
http://dx.doi.org/10.1016/j.ajhg.2017.06.004]

*46

http://dx.doi.org/10.1016/j.ajhg.2017.06.004


CCR5
Stephen Lyon Crohn and the “Berlin Patient”

47

Stephen Lyon Crohn, who, being a carrier of a CCR5 gene mutation, was 
genetically immune to most forms of the AIDS virus.

The accidental discovery of this mutation and its effects has led to the 
development of new drugs (such as Maraviroc)

“This mutation stopped HIV getting into his cells, but it had no adverse effect on his 
health. Scientists realized that CCR5 was an ideal drug target and a pharmaceutical 
that blocks it, maraviroc, is now used to help control the infection in some patients with 
the virus” 

“In 2007, a patient in Germany was effectively cured of HIV-1 infection after receiving 
bone marrow transplants from a donor who had the same mutation as Crohn. 
“Stephen’s participation helped this line of research several times. In medical research, 
participation by volunteers is critical. The fact that individuals like Stephen Crohn 
existed without CCR5 gave greater momentum to the development of inhibitors of 
CCR5””. 

[Pincock S., “Obituary – Stephen Lyon Crohn”, The Lancet, 02 November 2013,  
https://doi.org/10.1016/S0140-6736(13)62279-5]



48https://www.covidhge.com/

https://www.covidhge.com/


Covid Human Genetic Effort
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Quid for FBN1?
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Mimic nature’s successful strategy
Professor Hal Dietz

• The American Marfan Foundation has published on its website an interview with
Professor Hal Dietz (The Johns Hopkins Hospital (Baltimore - USA) in which he
explains that:

• the crossing of genomic and phenotypic data could make it possible to 
understand “how natural genetic variants can protect some people from the 
consequences” of a pathogenic mutation and on this basis possibly be able to 
“identify drugs that can mimic nature’s successful strategy”.

51

WEISMAN R., "Meet Your Gene: An 
Introduction to the Marfan Gene and Current 

Research", 10 January 2017. Available at: 
http://blog.marfan.org/meet-your-gene-an-

introduction-to-the-marfan-gene-and-current-
research 





Data mining

www.umd.be/FBN1/
3000 variants https://gnomad.broadinstitute.org/

180.000 variants

Of the 122 individuals whose data are in 
gnomAD, 24 individuals, (12 exomes and 12 

genomes) have a previously identified pathogenic 
mutation responsible for Marfan syndrome that is 

located in the risk zone of exons 24 to 32 
where nMFS is found. 

This observation was subsequently confirmed in the scientific literature in 2019. See BAUDHUIN L. ET AL., « Variability in gene-based knowledge impacts variant classification: an 
analysis of FBN1 missense variants in ClinVar », EJHG, 21 May 2019, https://doi.org/10.1038/s41431-019-0440-3.

MARFAN CONTROLES 
(NOT MARFAN)

http://www.umd.be/FBN1/
https://gnomad.broadinstitute.org/
https://doi.org/10.1038/s41431-019-0440-3


NOS2? 
2017

*54

OLLER, J. et a., « Nitric oxide mediates aortic disease in mice deficient in the 
metalloprotease Adamts1 and in a mouse model of Marfan syndrome », NATURE,
published online 9 January 2017; doi:10.1038/nm.4266. 



A missing resource
Fondation 101 Génomes

My wife and I then realized that:

• That there was hope of discovering a modifier gene for FBN1.

• That the researchers did not have the necessary tools to conduct this research.

We therefore decided to make the missing resources available to all scientists.

And to do so, we created the “Fondation 101 Génomes"

*55
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101 Genomes
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Unique and unprecedented 
example 
Professor Anne De Paepe

• The 101 Genomes Foundation (F101G) aims to advance 
research through the creation of an innovative genomic 
biobank that will allow researchers to better understand and 
treat rare diseases. 

• The disruptive innovation of the genomics and 
bioinformatics revolution makes this objective possible 
today.

58

According to Professor Anne De Paepe, 
ProRector of Ghent University, this is "a 

unique and unprecedented example of patient 
participation in scientific research".



Pilot project
101 Genomes Marfan Project

• The 101 Genomes Marfan Project (P101GM) is the pilot project of the 
F101G. This Project is dedicated to Marfan syndrome. 

• It is built on an extensible starting cohort of 101 patients. 

• The creation of the Genomic Cloud is an integral part of this pilot project.

• When the Genomic Cloud is set-up it will be able to host other projects 
dedicated to other rare diseases that will benefit from the experience 
gained.

59



Scientific Committee
• The P101GM Scientific Committee is composed of leading 

scientists in Marfan Syndrome and algorithmics. 
• Among the members of the committee are the professors Julie 

De Backer, Bart Loeys, Guillaume Smits, Guillaume 
Jondeau, Catherine Boileau and Anne De Paepe.

• The Committee is co-chaired by Julie De Backer and Bart 
Loeys

• They conduct the GEMS project
60



Cooperation
& European Associations

The P101GM is supported by several European Marfan patient 
associations:
• Belgian Marfan Syndrome Association;
• French Marfan Syndrome Association;
• den-i (Luxembourg);
• …
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101 Genomes Marfan Project,
101 Genomes Foundation & 
101 Genomes Fund @FRB 

1. The 101 Genomes Marfan Project (P101GM) (= GEMS) is the pilot project of:

2. The 101 Genomes Foundation (F101G), which can potentially host parallel projects relating to other rare
diseases. The sums necessary for the implementation of the bioinformatics tool are collected on:

3. The 101 Genomes Fund co-managed by the King Baudouin Foundation and the 101 Genomes
Foundation.

This architecture was drawn with the King Baudouin Foundation that emphasized the need to foreseen the
possibility to extend the bioinformatics tool set up to study Marfan syndrome to other rare diseases.
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Organigram
101 Genomes Fund

Management Committee
President

Prof. Anne De Paepe (UZGENT)
Members

Gerrit Rauws
Ludivine Verboogen 

Romain Alderweireldt
Secrétaire: 

Annemie T’Seyen

President: Dr Michel Verboogen
Vice-President: Cécile Jacquet
Secretary: Ludivine Verboogen 

Treasurer: Romain Alderweireldt
CEO in the daily Management: Ludivine Verboogen

101 
Genomes
Marfan

Scientific Committee
Co-Presidents

Prof. Julie De Backer (UZGENT)
Prof. Bart Loeys (UZA)

Members
Prof. Anne De Paepe (UZGENT)
Prof. Catherine Boileau (APHP)

Prof. Guillaume Jondeau (APHP)
Prof. Guillaume Smits (ERASME)
Prof. Tom Lenaerts (ULB/VUB)

Dr. Aline Verstraeten (UZA)
Prof. Paul Coucke (UZGENT)
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It received the 2018 Edelweiss 
Award from the Belgian alliance for 
rare diseases: RaDiOrg

64

RaDiOrg stelt met trots de laureaat 
2018 van de Edelweiss Award voor

https://www.radiorg.be/nl/2018-5-2-radiorg-stelt-met-trots-de-laureaat-2018-voor/
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Fundraising
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Make a gift (kbs-frb.be)

https://donate.kbs-frb.be/Fonds101Genomes/%7Emy-donation?context_form_id=form_ea16740d688d439e68fea7572bc58d00d148d895_63c98eb501da78.39304975
https://donate.kbs-frb.be/Fonds101Genomes/%7Emy-donation?context_form_id=form_ea16740d688d439e68fea7572bc58d00d148d895_63c98eb501da78.39304975
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Make a donation | Koning 
Boudewijnstichting (kbs-frb.be)

https://kbs-frb.be/en/make-donation
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https://www.theimpatients.org/

https://www.theimpatients.org/
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GEMS | A generous 
donor doubles up to 
75.000 euros of 
donations for the 
GEMS project! - 101 
Genomes Foundation 
(f101g.org)

https://www.f101g.org/en/gems-un-genereux-donateur-double-jusqua-75-000-euros-de-dons-pour-le-projet-gems/


72

GEMS | 
700,000 Euros 
for the quest for 
protective genes 
- 101 Genomes 
Foundation 
(f101g.org)

https://www.f101g.org/en/gems-700-000-euros-pour-la-quete-des-genes-protecteurs/


73Ludivine Verboogen et Romain Alderweireldt | Innoviris

https://innoviris.brussels/stories/ludivine-verboogen-et-romain-alderweireldt


FBN1, anchor and 
exploration point

74



GEMVAP+
Improve clinical diagnosis of rare genetic disorders with a 
GEne-specific Missense VAriant Predictor framework

*75



Genome4Brussels
Gemvap (1/3)

76

• Chromosome 15 - FBN1 gene: Reference sequence of 8,616 nucleotide positions (np).

• Setting up the "chessboard":

• There are only four nucleotide possibilities (A, C, T, G) for each position (np).
There is therefore a 'finite' set of 34,464 (=8,616 (np) *4) theoretical possibilities for
the FBN1 gene

• Reference: of these possibilities, 8,616 positions are those of the reference
nucleotides that allow the production of the protein in the normal way.

• Synonymous variants: of these possibilities, 4,636 are "synonymous variants" that
will have the same impact on protein production as the reference nucleotide



Genome4Brussels
Gemvap (2/3)

77

• "Chessboard:

• This leaves 21,212 (= 34,464 - (8,616 + 4,636)) variants (positions
/ "squares on the board") to be classified as benign, pathogenic or
SIV:

• Of these 21,212 "theoretical" variants, less than 4,000 variants have
been observed in the real world by scientists and physicians and
reported in scientific publications and/or in genetic databases such
as UMD-FBN1, gnomAD, etc.

https://gnomad.broadinstitute.org/ 

https://gnomad.broadinstitute.org/


Genome4Brussels
Gemvap (3/3)
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• Use of AI tools on the "chessboard":

• Predictors: For each of these 21,212 variants, we used more than 20 different "predictor" programs 
that predict the impact of a variant on the structure of the protein (the "key") and its ability to be 
functional (i.e. to "fit properly into the corresponding lock").

• Machine learning was then used to select the five predictors for each "box" that provided the most 
accurate prediction of all the predictors.

• New classification: Together, these bioinformatics tools produce an aggregate of results that 
provides the best classification for every conceivable variant. 
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https://app-gemvap-001-
prd.azurewebsites.net/

https://app-gemvap-001-prd.azurewebsites.net/


Genome4Brussels
Orval

80

• Results :

• Diagnostic aid: Doctors who need to make a 
diagnosis on a mutation observed in the FBN1 
gene can use this tool to make an initial 
classification and speed up their diagnosis.

• Gene network: Once a pathogenic variant is 
confirmed, the tool is combined with other AI-
based tools to identify gene networks and the 
extent of their interactions.



Genome4Brussels
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Genome4Brussels: AI, Genomics & Rare Diseases - 101 Genomes Foundation (f101g.org)

https://www.f101g.org/en/genome4brussels-ia-genomique-maladies-rares/


PART 2
GEMS, Genomic Cloud and 

bioinformatics tools

83
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GEMS
‘Our’ GEMS

• GEMS is the acronym of Genome-wide Epistasis for cardiovascular
severity in Marfan Study

• The objective of GEMS is to identify protective modifier genes (=
epistatic genes) within the whole human genome that can explain the
variability of cardiovascular disease found in people with Marfan
syndrome. Such a discovery would make it possible to contemplate
new therapeutic approaches that would replicate the protective effects
identified in order to prevent cardiovascular events

• This research is at the heart of the Fondation 101 Génomes’s
action. It is led by Professor Bart Loeys and the entire scientific
committee of the Project 101 Genomes Marfan

• It is actively supported by the VASCERN Network dedicated to
vascular diseases and by the main members of the HTAD group
within it.
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GEMS
Genome-wide Epistasis for cardiovascular severity in Marfan Study
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Cohort of over 260 carriers 
of the two selected 

mutations. 

21 Reference Centers are 
following the patients 

eligible for the investigation 
cohort.



GEMS
262 patients!
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Données pour le 
projet GEMS extraites 

pour la F101G

26 Centers of reference responded to the request 
of the GEMS project so far. (See ANNEXE 1: List 
with precise addresses)

21 Centers of references follow patients eligible 
for the investigation cohort.

An investigation cohort of at least 262 patients 
can be mobilised via these centres.

Antwerp, Ghent, Leiden, Nijmegen, Groningen, 
Amsterdam, Paris, London, Hamburg, Sheffield, 
Zurich, Milan, Pavia, Bologna, Barcelona, 
Rome, Vienna, Umea, Ottawa, Baltimore, …

It cannot be guaranteed at this stage that it will be possible to carry out grouped collections followed by grouped shipments. At this stage, the 
cautious approach would be to plan for 262 individual shipments. 
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#3 p.Ala882Val; c.2645C>T – exon 21 0 4 1 0 53 6 0 0 1 3 3 1 3 4 79
#7 p.Ile2585Thr; c.7754T>C – exon 62 8 13 20 2 93 12 10 0 2 1 3 2 3 1 4 6 3 183

Number of patients 8 17 21 2 146 18 10 0 3 4 3 3 3 3 3 1 4 6 7 262
3% 6% 8% 1% 56% 7% 4% 0% 1% 2% 1% 1% 1% 1% 1% 0% 2% 2% 3% 100%

Distance from UZA (km) 0 60 138 180 348 378 722 777 564 654 693 947 984 1161 1376 1519 2166 5655 6145



Web application for consent collection, consent 
management and phenotypic data collection

88
https://www.101gems.be/

https://www.101gems.be/


Flow
GEMS2Patient

89
Data lake F101G

(Azure Cloud)
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https://www.101gems.be/

https://www.101gems.be/


Consent

91



92



93



94



95



96



97



98



99



100



101



102



103



104



105



106



Profile management
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Phenotypic data
(health data)

114



https://www.101gems.be/pheno

https://www.101gems.be/pheno


items ()
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Short list
GEMS only
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Long process
with HTAD VASCERN



Difficult to measure
Objectivation: Aorta Automatic Measurements AORAM
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Back to GEMS
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Lac de données F101G

(Azure Cloud)

How can we 
make the GEMS 

search for 
protective genes 

a reality?

By creating a 
Biobank and a 
Bio-biobank!

GEMS2
Centre

GEMS2
Patient

The samples are collected in the 
laboratory in Ghent. 

There, DNA is extracted and 
distributed for each patient in 5 

DNA storage tubes (screw caps).

One DNA storage tube is sent to 
MacroGen for sequencing and 

Four DNA storage tubes are stored 
in the BioBank. 



Biologic
storage
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CryopAL Biobanque Solutions
Convention

124
Data lake F101G

(Azure Cloud)



ERASME-ULB ethic committee
5 April 2022: ‘Avis favorable’
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Data lake F101G

(Azure Cloud)



AFMPS
Notification (18 May 2022) 
& Confirmation (9 June 2022)

126
Data lake F101G

(Azure Cloud)



Bioinformatic
storage

127



Microsoft Azure & Data Twin
Cloud Storage

128

After legal examination and regular contact at Microsoft (both at European and Belgian level),
Microsoft Azure was chosen as the partner to host the data. Mainly because Microsoft offers
the safest and most regulatory compliant current Cloud option for genomic storage on the
market as of today.

The F101G opened its Cloud (Data Lake) and since October 2020 we have been working on
the development of this facility with different consultants.

The F101G Data Lake now already allows to host and store genomic data securely in the cloud.

This solution will facilitate at a later stage access for as many researchers as possible.



Genomics in the Cloud
Géraldine Van Der Auwera (Broad Institute MIT/Harvard)  

129

Géraldine Van der Auwera (Broad Institute MIT/Harvard - Author of Genomics in
the Clouds) has accepted to be involved in the set-up of our Genomic Cloud and its
optimization, keeping in mind the numerous interactions required for fair genomics
activities.

Until now, Géraldine has mainly developed her expertise in the Google environment.
She was looking for a genomic project to replicate what she did on Google Cloud
Platform in the Microsoft Azure world. Our project is a perfect fit for her and she
will work with us to implement our genome storage solution on Azure.

We have bi-monthly meetings with Géraldine to advance our development.

We are considering structuring our data by aligning them with Terra data model, a
cloud-native platform for biomedical researchers to access data, run analysis tools,
and collaborate.

https://www.oreilly.com/library/view/genomics-in-the/9781491975183/


Emma Verkinderen 
G4BXL  

130

Bioinformatician Emma Verkinderen, who is engaged by Prof. Tom Lenaerts in the context of Genome4Brussels, has
become involved with this component of the project, notably by helping to define the requirements for the hosting solution in
order to ensure that the Cloud solution will allow to integrate and use AI tools developed in the Marfan context.

https://www.f101g.org/en/genome4brussels-par-emma-verkinderen/

https://www.f101g.org/en/genome4brussels-par-emma-verkinderen/


Bioinformatic flow 
Gathering 300 panels, 111 WES & 47 WGS

131

47 WGS

111 WES 300 panels

First ever interconnection between 
macrogen and azure
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+ 15 testers who tested the kits in 
Belgium, France, Luxembourg, the 
Netherlands, Slovakia, Sweden, 
Austria and Denmark (= 62).

Will there also be Spanish and 
German testers after this seminar?



Deployment of the 
F101G Genomic Cloud
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Deployment of 
the F101G 
Genomic Cloud



Outline of this presentation
1. Introduction

• Genomic data
• Cloud
• Data lake

2. Our road to a Genomic Cloud in Microsoft Azure
• Mapping the requirements
• Set-up process with Cloud architect Colby Ford

3. Next steps

135



1. Introduction
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Sequencing DNA samples generates huge amounts of genomic data

137

.fastq .fastq

2 x 35 GB

.vcf

3 GB

➪ 135 GB of sensitive, personal data for each participant



Let’s ask our new friend ChatGPT
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“The Cloud” ?

139

https://www.storagereview.com/news/home-lab-deep-dive-an-educators-perspective https://www.microsoft.com/nl-be/microsoft-365/blog/2019/07/25/microsoft-office-365-now-available-from-new-south-africa-cloud-datacenters/attachment/2283/

On-premises hosting Public Cloud (IaaS: Infrastructure as a Service)



Microsoft Azure 101

140

https://learn.microsoft.com/nl-nl/azure/role-based-access-control/scope-overview

Marketplace for 
Azure Services

Azure Portal



A “data lake” to host our genomic data in the cloud

• = repository for storing large amounts of heterogenous data

• In Azure: Storage Account
• Blob storage service

141

https://learn.microsoft.com/en-gb/azure/storage/blobs/storage-blobs-introduction



2. Roadmap to a Genomic Cloud in Azure
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2.1 Mapping the requirements
• Swim-lane diagrams

• Actors & actions

• Paths of Data collection
• Sources?
• Data types?

• Modules:
• Personal information 

& consent management
• Phenotypic data
• Genomic data incl. variant calling pipeline
• (Externally provided data)

143



Personal information and consent data

144



Phenotypic & genomic data
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2 cohorts received
• 111 exomes from prof. 

Catherine Boileau (Paris)
• 300 gene panels from prof. 

Bart Loeys (UA)

146

Cohorts from external research groups



2.1 Mapping the requirements
• Swim-lane diagrams

• Actors & actions

• Data collection

• Procedures for data access
• Participants
• Healthcare providers
• Researchers: single 

participant or cohort

147



2.1 Mapping the requirements
Data access dashboard

148



2.2 Set-up process guided by Colby Ford

1. Data lake deployment
• Lifecycle management -> storage tiers
• Organization & naming conventions

149



Defining the data lake organization & naming conventions
Storage account (with hierarchical namespace enabled): stocoredatalake001prd

↳ Container: datalake
↳ Top directory: bioinformatics_data

150

• Self-explanatory
• Robust
• Adapted to possible 

future analyses



2.2 Set-up process guided by Colby Ford
1. Data lake deployment
2. Data lake integration pipelines

• Phenotype data from GEMS app

• Genomic data from Macrogen

• External cohorts
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2.2 Set-up process guided by Colby Ford
1. Data lake deployment

2. Data lake integration pipelines

3. Security & compliance 
• Security consultant Eric Raepers

• Azure Active Directory recommendations
• Deployment recommendations (networking)
• Logging, analytics & alerting

• Microsoft Defender for Cloud
• Secure score of 94-100%
• Regulatory compliance policies
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3. Next steps: using the data!
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Set-up process guided by Colby Ford

1. Data lake deployment

2. Data lake integration pipelines

3. Security & compliance

4. Visualization module
• Viewer for DICOM images (CT/MRI scan)
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Set-up process guided by Colby Ford

1. Data lake deployment
2. Data lake integration pipelines
3. Security & compliance
4. Visualization module
5. Integration of tools for bioinformatic analyses

155
Cloud Computing

Nassim Versbraegen



Thank you! Questions?
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Overview of the oligogenic machine learning 
research at (ib)²
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OVERVIEW OF THE 
OLIGOGENIC MACHINE 
LEARNING RESEARCH 

AT THE
INTERUNIVERSITY 

INSTITUTE OF 
BIOINFORMATICS IN 

BRUSSELS

Sofia Papadimitriou
F.R.S-FNRS Postdoctoral Researcher

Université Libre de Bruxelles & 
Ghent University

VASCERN Exchange Visit, 20/01/2023



Introduction of the (IB)2

Oligogenic models for missing diagnoses

The data & ML methods for oligogenic diseases

Interpretable ML: transparent diagnoses
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Overview

Application in the Marfan syndrome

159



Introduction of the (IB)2
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Overview
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The team of (IB)2

44 Principal investigators
7     Senior researchers 
17   PhD students
2     Staff members

>200 Publications
15     Ongoing projects

161

Directors

Matthieu Defrance
Professor, ULB

Sophie de Buyl
Professor, VUB



Tom Lenaerts
Professor, ULB

Sofia Papadimitriou
Postdoctoral researcher

Charlotte 
Nachtegael
PhD student

Simon 
Boutry

PhD student

Nassim 
Versbraegen
PhD student

Alexandre 
Renaux

PhD student

Barbara 
Gravel

PhD student

apply novel computational methods to 
decipher the genetic architecture of 
oligogenic diseases

Mission
Ann Nowé

Professor, VUB

Emma 
Verkinderen
Technician

Overview of the oligogenic team
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Contact details

Interuniversity Institute of Bioinformatics 
in Brussels (IB)2,

ULB, La Plaine Campus,
Triomflaan, BC Building, 6th floor, CP 263
1050 Ixelles, Belgium

firstname.lastname@ulb.be

directors: 
Matthieu.Defrance@ulb.be
Sophie.de.Buyl@vub.be

https://ibsquare.be/

@BrusselsBioInfo
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mailto:Matthieu.defrance@ulb.be
mailto:Sophie.de.Buyl@vub.be


Introduction of the (IB)2

Oligogenic models for missing diagnoses

164

Overview



Oligogenic diseases

BBS2

MKKS

disease 
phenotype

Mutations in several genes can 
better explain the phenotype of a 
patient, compared to one gene 
alone. 
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Oligogenic diseases in the middle of a continuum
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(very) rare

strong

weak

polygenic / complex

Frequency in the population

monogenic

common

St
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ns

oligogenic

McCarthy, et al. (2008). Nature reviews genetics. 9(5), 356.



high 
dimensionality

CFM1

MUC1

HLAII

MBL2

NOS1

1,000,000 
single genetic 

variations

5 x 1011

2-way 
combinations

Several challenges exist
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high 
dimensionality

Several challenges exist

need large 
cohorts

rare cases: 
not enough 

positive data

where do we
look at in 

the genome? 
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The data increases

https://olida.ibsquare.be/

Number of publications reporting oligogenic cases

Machine learning can help 
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Oligogenic diseases in the middle of a continuum
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(very) rare
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polygenic / complex

Frequency in the population
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McCarthy, et al. (2008). Nature reviews genetics. 9(5), 356.



Introduction of the (IB)2

Oligogenic models for missing diagnoses

The data & ML methods for oligogenic diseases
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Overview



Premises for the use of ML

Data of good quality

Credible algorithms

Algorithms with impact

Fair algorithms

Transparent algorithms



Developing ML methods for oligogenic diseases
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Developing ML methods for oligogenic diseases
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digenic
database



DIDA: The Digenic Diseases Database
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T
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BBS2 MKKS

Bardet-Biedl syndrome

A bi-locus variant combination

258 bi-locus combinations
causative for 54 diseases

Gazzo, et al. (2016). NAR, 44(D1), D900-D907

dida.ibsquare.be



Developing ML methods for oligogenic diseases
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digenic
database

predict oligogenic effect: 
true digenic 

or  
modifier effect? 

predict 
pathogenicity



“Normal”

“Disease”

...AGTGCGGTG...

...AGTGAGGTG...

...SAV...

...SEV...

C < A 
Pathogenic

!

Pathogenicity predictors need to move forward

177



Pathogenicity predictors need to move forward

(very) rare

strong

weak

polygenic / complex

Frequency in the population

monogenic

common
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oligogenic
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Variants of different properties
More common, less detrimental



VarCoPP: predicting bilocus pathogenicity

179Papadimitriou S., et al. (2019). PNAS. 116(24), 11878-11887.

vs

disease-
causing

neutral

~200 pathogenic
combinations

billions of neutral 
combinations

Training data

Prediction / classification

BSS2 variant 
features

MKKS variant 
features

Case to test



Performance depends on the disease

180Papadimitriou S., et al. (2019). PNAS. 116(24), 11878-11887.

Bardet-Biedl syndrome
a known digenic disease

Autism
spectrum of monogenic, 

oligogenic and polygenic causes

13% False Positives 2% False Positives

7% False Positives in 
random control 
combinations but …



The Digenic Effect (DE) predictor

181

True oligogenic 
scenario

Oligogenic + modifier 
scenario

Dual molecular 
diagnosis



The Digenic Effect (DE) predictor

182Versbraegen N. et al (2019) Artificial Intelligence in Medicine. 99:101690 

~200 pathogenic
combinations

Training data

Prediction / classification

BSS2 variant 
features

MKKS variant 
features

Case to test



Developing ML methods for oligogenic diseases
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digenic
database

predict oligogenic effect: 
true digenic 

or  
modifier effect? 

predict 
pathogenicity

web-platform 
for exploration



ORVAL: a web-platform for oligogenic exploration
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https://orval.ibsquare.be

Renaux A., et al. (2019). NAR. 47 (W1), W93-W98.



Developing ML methods for oligogenic diseases

185

digenic
database

predict oligogenic effect: 
true digenic 

or  
modifier effect? 

predict 
pathogenicity

web-platform 
for exploration

Marfan 
syndrome

Epilepsy

Inherited retinal 
diseases

Autism

+ Several publications from 
external groups using ORVAL



Developing ML methods for oligogenic diseases
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digenic
database

predict oligogenic effect: 
true digenic 

or  
modifier effect? 

predict 
pathogenicity

web-platform 
for exploration

oligogenic 
database



The data continues to increase
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Number of publications reporting oligogenic cases

What about the data quality? 

http://olida.ibsquare.be



The data continues to increase

188

Number of publications reporting oligogenic cases

What about the combinations with more genes? 

http://olida.ibsquare.be



OLIDA: the oligogenic diseases database

2 independent curators: extraction from paper 

medical paper

public knowledge sources

Genetic evidence

Do the mutations segregate
with the disease? 

&

Functional evidence

Do functional experiments 
prove synergistic 
pathogenicity? 

Confidence score [0 to 3]

Data 
extraction

Evaluation 
of quality

absent, weak, moderate, strong

189Nachtegael C., et al. (2021). Database. April 2022.



OLIDA: the oligogenic diseases database

https://olida.ibsquare.be

190

1,229 oligogenic combinations
linked to 177 diseases

http://olida.ibsquare.be

Be careful of the quality! !



Developing ML methods for oligogenic diseases

191

digenic
database

predict oligogenic effect: 
true digenic 

or  
modifier effect? 

predict 
pathogenicity

web-platform 
for exploration

oligogenic 
database



Demo of ORVAL
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Developing ML methods for oligogenic diseases
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digenic
database

predict oligogenic effect: 
true digenic 

or  
modifier effect? 

predict 
pathogenicity

web-platform 
for exploration

oligogenic 
database

prioritise
pathogenic 
combinations 
in exomes



HOP: prioritizing bilocus combinations

194

.
Whole Genome 

Sequencing

~20,000 
mutations 

after filtering

~500,000 
bi-locus 

combinations

7 FP rate

~ 40,000 
combinations 

predicted 
pathogenic

Problem: dealing with too many positive predictions in the whole genome



HOP: prioritizing bilocus combinations

195

Whole Genome 
Sequencing

Problem: dealing with too many positive predictions in the whole genome

.
~20,000 

mutations 
after filtering

VarCoPP 
predictions 

+
Symptoms of 

patient



Developing ML methods for oligogenic diseases
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digenic
database

predict oligogenic effect: 
true digenic 

or  
modifier effect? 

predict 
pathogenicity

web-platform 
for exploration

oligogenic 
database

automatic 
extraction

of literature 
information

prioritise
pathogenic 
combinations 
in exomes



ALAMBIC: Active learning for text-mining 
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Handles images and data

Implements classification, 
annotations and relation 

extraction tasks

Tracks progress and performance

Download of the trained model, 
annotated data

Open-source platform to train models for many types of data, including medical data



DUVEL: Detection of Unlimited Variant Ensemble in Literature

oligogenic relationship extraction

We can brew some DUVEL with ALAMBIC

198

ALAMBIC: Active learning for text-mining 

Open-source platform to train models for many types of data, including medical data
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Overview



Developing ML methods for oligogenic diseases

predict oligogenic effect: 
true digenic 

or  
modifier effect? 

predict 
pathogenicity

web-platform 
for exploration

application 
in 
patients

oligogenic 
database

knowledge graph

automatic 
extraction

of literature 
information

prioritise
pathogenic 
combinations 
in exomesdigenic

database
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BOCK: interpreting pathogenic predictions

OLIDA

multilayer knowledge graph

mining 
of 

association 
rules



BOCK: interpreting pathogenic predictions

White-box proxy model using rule—learning to interpret the black-box predictions of VarCoPP

disease-
causing

neutral

A bi-locus combination 
of interest

Knowledge discovery 
with VarCoPP / ORVAL

Interpretation 
with BOCK
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Overview

Application in the Marfan syndrome
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Find oligogenic signatures in Marfan patients

Genome4Brussels
Detecting genetic modifiers for Marfan syndrome 

Transfer of ORVAL on F101G infrastructure

Development of research platforms for transparent AI and ML for rare diseases
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Find oligogenic signatures in Marfan patients

The data

Bart Loeys
Antwerp University

Catherine Boileau
Paris Diderot University 

University

The methods

VarCoPPv2, BOCK, network analysis, statistical analysis

The aim

Detect modifier genes in Marfan patients that can explain 
their phenotype



Thank you
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Note: in silico

207
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Titre Date publication nom gène loci impacté 1er auteur
No prominent role for complement C1-esterase 
inhibitor in Marfan syndrome mice

30/10/2022 IL11 poumon Ng B.

DNA methylation alternation in Stanford- A acute aortic 
dissection

29/10/2022 Fas, ANGPT2, DUSP6, 
FARP1, CARD6

aorte Chen Y.

Embryologic origin influences smooth muscle cell 
phenotype modulation signatures in Marfan syndrome 
aortic aneurysm

24/10/2022 C1R aorte Hibender S.

Il11 Causes Pulmonary Tissue Remodeling and 
Emphysematous Lung Disease in the 
Fbn1C1041G/+ Mouse Model of Marfan Syndrome

01/09/2022 TWIST1 aorte Pedroza A. J.

Inhibition of HIPK2 Alleviates Thoracic Aortic Disease in 
Mice With Progressively Severe Marfan Syndrome

01/06/2022 CNP aorte Clerc S.

Novel Effector Molecules Regulating Smooth Muscle Cell 
Contractility in Marfan Syndrome: Phosphoprotein 1 
Secreted by Fibroblasts

23/05/2022 Mir-122 aorte Zhang R.-M.

The C-type Natriuretic Peptide: a new player in the 
development of the Marfan syndrome?

17/05/2022 SPP1 aorte Chen R.

A phenotypic screen of Marfan syndrome iPSC-derived 
vascular smooth muscle cells uncovers GSK3β as a new 
target

12/04/2022 GSK3𝛃𝛃 aorte Davaapil H.

Aortic Dilatation in Marfan Syndrome: A Result of 
Amplification of Molecular Mechanisms of Aging?

15/02/2022 NOTCH3 aorte Jespersen K.

Impact of Notch3 Activation on Aortic Aneurysm 
Development in Marfan Syndrome

01/02/2022 TTN, POMT1 aorte Min-Rou L.

Application of Whole Exome Sequencing and Functional 
Annotations to Identify Genetic Variants Associated 
with Marfan Syndrome

02/10/2021 PRKG1 aorte Toral M.

Extracellular Tuning of Mitochondrial Respiration Leads 
to Aortic Aneurysm

21/09/2021 HIPK2 aorte Caescu C. I.

The NO signalling pathway in aortic aneurysm and 
dissection

25/05/2021 TFAM aorte Oller J.

Fibrillin-1-regulated miR-122 has a critical role in 
thoracic aortic aneurysm formation

01/05/2017 RUNX2 aorte Hagler M. A.

Done with Marie 
Glanc, AssoMarfans

2017: 1
2021: 3
2022: 10





PART 3
Consent, access and interactions
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GDPR & patients rights
Me Thomas DUBUISSON
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F101G has instructed CMS to reach into compliance. Based on this mandate, CMS drafted several documents related to the
GDPR such as policies and consent forms. As a result, we are of the opinion that F101G has taken various and adequate
measures to comply with the GDPR. The measures taken included, amongst others:

• Record of processing activities (ROPA). F101G has drafted a ROPA which allows a company (in this case, F101G) to
make an inventory of all the data processing activities and have an overview of what it is doing with the concerned
personal data.

• Privacy statements. F101G has drafted an external facing privacy policy, optimal in terms of user centricity and
engagement factors. It is reachable on the website in 3 languages (French, Dutch, and English). It is in (i) clear and plain
language, concise and intelligible; (ii) easily accessible for the data subjects; (iii) comprehensible i.e. data subjects have a
fair understanding of what they can expect with regards to the processing of their personal data. F101G also has a separate
cookie policy on its website.

• Consent forms. F101G has drafted various consent forms to collect the personal data in accordance with the GDPR and
related Belgian specific legislations.



214

• Third Party agreements - Data Processing Agreements (DPAs). F101G has entered into various contracts (DPA) with
third party ensuing that all parties involved are properly handling personal data and that they comply with the GDPR’s
requirements.

• Data transfers. F101G has reviewed the personal data flows to identify potential cross-border transfers. The personal
data processed by F101G is not transferred outside the European Economic Area (EEA). F101G is also monitoring
supervisory authority guidance on cross-border transfers.

• Cybersecurity. When processing personal data, F101G considers, at the outset, the privacy impact of any systems it
adopts, develops, or commissions, which may process personal data. In particular, F101G ensures that such systems
include: (i) appropriate technical and organisational measures, to achieve data protection principles (such as data
minimisation) in an effective manner and (ii) necessary safeguards to meet the requirements of the GDPR and protect the
rights of data subjects.

• Compliance program. F101G has implemented a GDPR compliance program with CMS that is continuously maintained
to avoid, or at least minimise, potential liability. Having a formal compliance program in place will enable to demonstrate
commitment to data protection compliance if it is called into question by regulators (BDPA) or courts.
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Privacy Policy - 101 
Genomes 
Foundation 
(f101g.org)

https://www.f101g.org/en/documentation/politique-de-vie-privee/
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Cookie Policy -
101 Genomes 
Foundation 
(f101g.org)

https://www.f101g.org/en/cookie-policy/
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Data Access
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F101G Data Access
Guiding Principles
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Eight guiding principles
FRB | Dr. Daniël De Coninck Fund 
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Data for the GEMS 
project extracted for 

the F101G

Data lake F101G
(Azure Cloud)



Principles 1 to 3
Human technology and data in the service of the citizen [P1/P2/P3] 
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Re-contact and multiple 
consents

WGS, 30x, Illumina & 
Data Fairification

Module and involvement 
genetic counselor

Implementation 
F101G



Principles 4 to 6
Societal anchoring and governance [P4/P5/P6] 
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Excluding deductibility of 

developable property 
F101G funds WGS for the 

most vulnerable
DAC, Fair Genomics, DPO, 

Supervisory Committee
Implementation 

F101G



Principles 7 and 8
Quality & consistency [P7/P8] 
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Implementation F101G
Quality and Control Audit 

Group

Implementation F101G
Oversight Committee, 
Annual Access Report



F101G Data Access
Process
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What kind of access are we talking about?
Consultation in the Cloud 

• The data collected is processed under the control of the F101G to be accessible in 
electronic format in the Cloud.

• The datasets collected by the F101G do not leave the instance where they are stored in 
the cloud.

• Authorized groups can access datasets in the cloud and install the bioinformatics tools they 
need to conduct their analyses, but they cannot retrieve or save them locally. Only 
research results are repatriated and belong to the researchers.
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Who has access to genomes?
Researchers, physicians & genetic analysis specialists

The data collected can be accessible to:
• academic / industrial research groups and 
• in specific cases, to the participant’s physician
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Who authorizes access?
Data Access Committee (DAC) [P6] 

• All access requests are directed to the Data Access Committee 
(DAC) of the F101G. 

• This DAC is composed of (1) representatives of the F101G 
(including its Data Protection Officer (DPO)), (2) representatives 
of patient associations, (3) scientists, and (4) a specialist in 
ethical issues. 

• The DAC verifies the scientific and ethical legitimacy of access 
requests and provides an opinion on access requests according to 
the guidelines issued by the F101G.

• The composition and operation of the DAC of the F101G will be 
governed by specific internal rules of procedure (IOR).
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How is the access formalized?
F101G and DPO [P6]

• Once authorization has been granted by the DAC, F101G will formalize access via access agreements.
• These agreements shall  address issues such as operational and administrative costs specific to the provision of 

access.
• The access agreements address other specific issues depending on the source and scope of the access requests.
• Access authorizations granted by the DAC and formalized in access agreements are submitted to the Data 

Protection Officer (DPO) of the F101G before signature.

Reminder: F101G will bear the costs of sequencing and data storage but not the costs of access and analysis. In any 
event, all costs associated with access and analysis will be borne by the access requesters in accordance with the access 
agreement.
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Principle: access to aggregated data
Anonymized data from all participants (or a specific group) [P1/P3]. 

• Access request from an academic research group
• The Access Agreement provides for, among other things:

• communication of results and mention in subsequent publications.
• Access request from a pharmaceutical/industrial research group that would, for example, need access to 

phenotyped genomic data to validate in silico certain proposals for developing new drugs or new diagnostic 
tools.

• The Access Agreement provides for, among other things:
• a commitment to reasonable pricing for new products (drugs, treatments, etc.) that could be 

developed through granted access.
• a form of support for the sustainability of the F101G’s work (e.g. making phenotyped genomic data 

available, funding new sequencing, etc.)  
• Whenever an aggregated data access agreement is signed, the information is available to participants. 
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Exception: access to individualized data?
Hypothesis researcher-initiated [P1/P3] 

• A request from a researcher who, in the course of conducting research on aggregated data to which he has 
previously had access, would like to specifically contact a particular participant again, either to obtain additional 
individual information or to invite him to join a specific research study, or to inform the participant that he
has, by chance during the course of the research, identified information that is potentially important to the health 
of that participant. 

• These access requests are reviewed on an urgent basis by the DAC. 
• If the DAC allows this access: 

• either the F101G contacts the participant (1) to solicit the additional information requested from him/her 
and, if the participant agrees, to transmit it to the researcher or (2) to propose that he/she agrees to join a 
specific research, 

• or informs the participant’s physician for him to decide if it is potentially important information for 
the participant’s health identified and, if necessary, to transmit it within an appropriate ethical framework
(see Charter for health professionals). 
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Who controls quality and safety?
Quality and Safety Audit [P2/P7] 

• A quality and safety audit group is commissioned by the F101G
• To verify the quality of the genomic and phenotypic data 

collected
• Conduct continuous monitoring of the security level of data 

storage
• To ensure that no group authorized to access data hosted by the 

F101G exceeds (intentionally or unintentionally) the scope of 
access granted to them,
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Who monitors systemic consistency?
Monitoring: Supervisory Committee [P8] 

• The access procedure therefore involves the Data Access Committee (DAC) of the F101G (composed of 
representatives of patient associations, scientists and a specialist in ethical issues), fair genomics (the subsidiary 
of the F101G), the Data Protection Officer (DPO) of the F101G and, if necessary, in some cases, the donor’s
referring doctor.

• Annually, the F101G will provide a full report of access decisions to an independent Ad Hoc Oversight 
Committee to evaluate and advise on the process.

• This report and the opinion given are available to all participants.
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Data Access Request Process
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Other genomic initiatives
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National or international
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The 100,000 Genomes Project
100k, 1million, 5 millions
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• The 100,000 Genomes Project in the United Kingdom.
• The British Secretary of State for Health announced on 2 

October 2018 the extension of this Project from 100,000 
to 1 million genomes with 

• The ambition to reach 5 million genomes within 5 
years.
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https://www.genomicsengland.co.uk/research/academic/research-projects?page=1&p-
term=Leema%20Robert&p-category=rare-disease&p-domain=cardiovascular&p-order=

https://www.genomicsengland.co.uk/research/academic/research-projects?page=1&p-term=Leema%20Robert&p-category=rare-disease&p-domain=cardiovascular&p-order=


European ‘1+ Million Genomes’ initiative
https://ec.europa.eu/digital-single-market/en/european-1-million-genomes-initiative
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• 18 April 2018: Declaration of cooperation

• Signed by 24 Member States (19 January 2023) and 
…the UK and Norway

https://ec.europa.eu/digital-single-market/en/european-1-million-genomes-initiative


239



240



Ehler-Danlos
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VASCA

https://www.orpha.net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=2266&Disease_Disease_Search_diseaseGroup=TIE2&Disease_Disease_Search_diseaseType=Gen&Maladie(s)/groupes%20de%20maladies=Malformation-veineuse-cutaneomuqueuse-multiple&title=Malformation%20veineuse%20cutan%E9omuqueuse%20multiple&search=Disease_Search_Simple


Hereditary hemorrhagic 
telangiectasia
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https://www.orpha.net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=236&Disease_Disease_Search_diseaseGroup=maladie-
de-rendu-osler&Disease_Disease_Search_diseaseType=Pat&Maladie(s)/groupes%20de%20maladies=Telangiectasie-hemorragique-
hereditaire&title=T%E9langiectasie%20h%E9morragique%20h%E9r%E9ditaire&search=Disease_Search_Simple

https://www.orpha.net/consor/cgi-bin/Disease_Search.php?lng=EN&data_id=236&Disease_Disease_Search_diseaseGroup=maladie-de-rendu-osler&Disease_Disease_Search_diseaseType=Pat&Maladie(s)/groupes%20de%20maladies=Telangiectasie-hemorragique-hereditaire&title=T%E9langiectasie%20h%E9morragique%20h%E9r%E9ditaire&search=Disease_Search_Simple


Primary lymphedema
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https://ojrd.biomedcentral.com/articles/10.1186/s13023-020-01652-w/tables/1

https://ojrd.biomedcentral.com/articles/10.1186/s13023-020-01652-w/tables/1


Conclusion
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Sparkle

• Limited to 101 genomes, our initiative is only a sparkle in comparison with other state actions but 
it can grow.

• This sparkle is currently concentrated on Marfan syndrome but it can be extended to other rare 
diseases.

• This sparkle is a patient driven initiative.
• Our ambition is to provide the scientific community with what they need to better understand 

rare diseases.
• Our dream is that it could contribute to the development of new drugs that could improve our 

children’s lives. 
• Join us!
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